Weakly interacting massive particle (WIMP) is well known to be a good candidate for dark matter, and it is also predicted by many new physics models beyond the standard model at the TeV scale. We found that, if the WIMP is a vector particle (spin one particle) which is associated with some gauge symmetry broken at the TeV scale, the higgs mass is often predicted to be 120-125 GeV, which is very consistent with the result of higgs searches recently reported by ATLAS and CMS collaborations at the Large Hadron Collider experiment. In this letter, we consider the vector WIMP using a non-linear sigma model in order to confirm this result as general as possible in a bottomup approach. Near-future prospects to detect the vector WIMP at both direct and indirect detection experiments of dark matter are also discussed.
Introduction
There are many compelling evidences for the existence of dark matter in our universe, and many experimental efforts are presently devoted to detect the dark matter directly and indirectly [1] . On the other hand, because the detailed nature of the dark matter is not revealed yet, many dark matter candidates have been proposed so far from the viewpoint of new physics beyond the standard model (SM) at the TeV scale. Among those, the weakly interacting massive particle (WIMP), whose mass is postulated to be 10-1000 GeV, is known to be a good candidate for dark matter, because it can easily satisfy all constraints imposed by cosmological and astrophysical dark matter experiments and naturally explain the dark matter abundance observed today [2] . In this letter, we especially focus on the vector (spin one) WIMP which is associated with some gauge symmetry broken at the TeV scale. Since the vector particle acquires its mass from the symmetry breaking, the mass is predicted to be 100-1000 GeV, which is very consistent with the WIMP hypothesis.
The simplest model of the vector WIMP dark matter is described based on SU(2) L × U(1) 1 × U(1) 2 gauge symmetry. In order to guarantee the stability of the dark matter, the Z 2 symmetry is also imposed by postulating that the lagrangian of the model is invariant under the exchange of U(1) 1 and U(1) 2 gauge interactions. The U(1) 1 × U(1) 2 symmetry is assumed to be broken at the TeV scale into the diagonal U(1), which is identified with the SM gauge interaction of U(1) Y . This fact means that the dark matter particle is provided as the partner of the hyper-charge gauge boson. As will be discussed in section 2, the strength of the coupling between two higgs bosons and two dark matter particles is definitely given by (g ′ ) 2 /4 with g ′ being the U(1) Y gauge coupling. 1 This simplest model is embedded in several realistic models for the new physics predicting the vector WIMP such as universal extra-dimension models [3] and little higgs models with T-parity [4] .
When no other new particles, which could be predicted in the new physics at the TeV scale, are degenerated in mass to the vector WIMP dark matter, the annihilation of the dark matter is governed by the process into W (Z) boson pair through the schannel exchange of the higgs boson. Its annihilation cross section and, as a result, the thermal relic abundance of the dark matter therefore depend only on the masses 1 Opposite directions that reconcile the WMAP region with the LHC excess by adjusting the interactions between the Higgs boson and vector dark matter have been discussed in Higgs-portal dark matter models [5] . of dark matter and higgs boson. The abundance turns out to be consistent with the WMAP observation when the higgs mass is within the range of 120-125 GeV as will be shown in section 3, which is very attractive from the viewpoint of the result of higgs searches recently reported by ATLAS and CMS collaborations at the Large Hadron Collider (LHC) experiment [6] . Interestingly, this result is insensitive to the dark matter mass (m DM ) as long as m DM ∼ 100 GeV. According to this result, we also discuss future prospects to discover the vector WIMP in direct and indirect detection experiments of dark matter in this section. We found that the signal of the dark matter can be discovered at both experiments in the near future.
Simplest model for the vector WIMP
We consider the simplest model for the vector WIMP dark matter in this section, which is described based on the SU(2) L × U(1) 1 × U(1) 2 gauge theory in its electroweak sector. The structure of the gauge-higgs sector in this model involving symmetries and their breaking patterns is schematically expressed by using the 'moose' notation [7] as shown in Fig.1 , where the white circle stands for the SM SU(2) L gauge symmetry, while black ones are U(1) gauge symmetries (U(1) 1 and U (1) With the use of the diagram shown in Fig.1 , the lagrangian (kinetic terms) of non-linear sigma and higgs fields (U 3 , φ 1 , and φ 2 ) are given as follows;
where the higgs field φ i (i = 1, 2) is decomposed to be
with τ a and v i being the Pauli matrix and the VEV of the higgs field, respectively.
The higgs potential is simply denoted by V (φ 1 , φ 2 , U 3 ). The covariant derivatives of the non-linear sigma field and higgs fields are defined by following equations,
(1)
(2)
where W symmetry, which makes π 3 an Z 2 odd particle (would-be NG boson).
As can be seen from the lagrangian, the model has five gauge bosons and seven NG bosons. Four NG bosons are eaten and the gauge bosons except photon become massive. The rest of three NG bosons become pseudo-NG bosons, because we can write down gauge invariant mass terms such as (φ †
2/Y 3 which is naturally involved in the higgs potential V (φ 1 , φ 2 , U 3 ). There are five particles which are odd under the Z 2 parity; a linear combinations of the U(1) gauge fields (
which is nothing but the vector WIMP, a linear combination of the higgs fields
and three linear combinations of the pseudo-NG bosons. The later four scalars acquire their masses through the higgs potential, so that they can be heavy enough compared to the vector WIMP. We therefore concentrate on the vector WIMP and other particles which are even under the Z 2 symmetry in following discussions.
Mass matrices of the gauge bosons are eventually summarized as follows,
where
With the use of the Weinberg angle defined by sin θ W ≡ s
) and the Z boson mass m Z , the mass of the vector WIMP dark matter is expressed by
It can be seen that the mass of the vector WIMP dark matter is O(100) GeV when the breaking scale associated with U(1)
Before going to close the section, we consider interactions between higgs boson and vector WIMP dark matter, which are the most important interactions to discuss phenomenology of the dark matter, as will be seen in the next section. Kinetic terms of the higgs bosons φ 1 and φ 2 involve following gauge interactions,
where 
Vector WIMP predictions
We are now at the position to discuss what kinds of phenomenological consequences we have by considering the vector WIMP dark matter. The prediction of the vector WIMP we first discuss about is on the mass of the higgs boson, which is deduced from the thermal relic abundance of the dark matter. After that, we discuss several signals of the vector WIMP at both direct and indirect detection experiments.
Thermal relic abundance
The thermal relic abundance of the vector WIMP dark matter is obtained numerically by integrating the following Boltzmann equation which describes the number density of the dark matter particle (denoted by n) in the early universe [8] ,
where H, σv , and n EQ are the Hubble parameter, the annihilation cross section (times relative velocity) of the vector WIMP which is thermally averaged, and its number density in thermal equilibrium, respectively. Since the vector WIMP annihilates into W and Z boson pairs through the s-channel exchange of the higgs boson and the h − V − V vertex is fixed by g ′ , the annihilation cross section depends only on the masses of vector WIMP and higgs boson. As a result, the thermal relic abundance of the dark matter also depends only on these two parameters.
Numerical result of the abundance is shown in Fig.2 , where the parameter region which is consistent with the WMAP observation at 68% (solid line) and 95% (dotted line) C.L. are depicted on the (m DM , m h )-plane. In order to calculate the abundance, we have used micrOMEGAs [9] after implementing our model into the code. Appropriate modifications are made by using LanHEP [10] . We have also shown regions which are constrained by current higgs searches at the LHC experiment as shaded ones.
It can be seen from the figure that the higgs mass is predicted to be 120-125 GeV, which is very consistent with that strongly suggested by the higgs searches. It is also worth noting that, if the vector WIMP mass is less than 100 GeV, the abundance is not sensitive to the mass and the higgs mass favored by the WMAP observation keeps staying around m h ≃ 120-125 GeV.
Around m DM = m h /2, there are also regions consistent with the WMAP and LHC bounds. Since these Higgs-pole regions require fine-tuning between the mass parameters, they are disregarded in this manuscript. Current bound and future sensitivity from the XENON100 experiment are also shown.
Direct detection
We next consider the signal of the vector WIMP at direct detection experiments of dark matter. The scattering between the dark matter and a nucleon (proton) occurs by exchanging the higgs boson. Since the h − V − V vertex is fixed by the U(1) Y gauge coupling, the cross section depends only on m DM and m h as in the case of the relic abundance. The scattering cross section is obtained by the formula [11] ;
where m p is the proton mass and the coefficient f p is the (spin-independent) coupling between the dark matter and a proton which is phenomenologically evaluated by
Here, m q is a quark mass and α q is the coupling in front of the effective interaction, Result of the scattering cross section is shown in Fig.3 , where micrOMEGAs was again used to calculate the cross section. According to the recent result of the Future sensitivity on the cross section from the AMS-02 experiment is also shown.
lattice simulation [12] , the π-nucleon sigma term has been set to be Σ πN = 55 MeV with y-parameter representing the contribution from the strange content being zero, 2 which gives conservative results of dark matter signals. Current bound and future sensitivity from the XENON100 experiment [14] are also shown in the figure. It can be seen that the signal of the vector WIMP is below the current bound but above the future sensitivity, so that the signal will be detected in the near future.
Indirect detections
We finally consider the signal of the vector WIMP at indirect detection experiments of dark matter. The annihilation of the vector WIMP would lead to excesses in various cosmic ray spectra. As mentioned in previous subsections, the vector WIMP has the mass of about 100 GeV and annihilates mainly into W and Z boson pairs.
Subsequent decays of these W and Z bosons produce anti-protons and gamma-rays, and these contributions are proportional to the annihilation cross section of the dark matter. Stringent constraints or exciting signals would be therefore obtained from indirect detection experiments observing anti-protons and gamma-rays.
The annihilation cross section predicted by the vector WIMP dark matter after imposing both WMAP and LHC constraints is shown as a magenta-shaded region 2 These parameter choice is also consistent with recent analysis based on chiral perturbation theory [13] .
in Fig.4 . On the other hand, the constraint obtained by the Fermi-LAT experiment, which is observing gamma-rays from milky-way satellites [15] , is depicted as a green solid line. Another constraint, which is obtained by the PAMELA experiment observing the anti-proton (p) flux in the cosmic-ray [16] , is also shown in the figure as a blue-shaded region. Since thep flux depends on howp propagates under the complicated magnetic field of our galaxy and which dark matter profiles we adopt [17] , the constraint has large uncertainties as can be seen in the figure. On the contrary, the observation of thep flux is very hopeful in the near future. This is because the AMS-02 experiment, which has already been started [18] , has better sensitivity than the PAMELA experiment and it is also expected that astrophysical uncertainties related to thep propagation are reduced. The future sensitivity to detect the vector WIMP in this experiment is depicted as a green-shaded region with assuming an appropriate propagation model [17] . Since the vector WIMP predicts the cross section much above the sensitivity, it will be detected in the near future.
Conclusions and Discussion
In conclusion, the higgs mass is shown to be generically in the range 120-125 GeV in scenarios where a neutral vector WIMP that is a partner of the standard model boson with other 1st KK particles as well as 2nd KK resonance processes must be taken into account in order to obtain the correct relic abundance [19] .
It might be possible to contrive a linear sigma model that has the same feature as our non-linear sigma model presented. However, it is not trivial whether phenomenological constraints are satisfied as a complicated flavor structure is required in a realistic linear sigma model. This issue may be discussed elsewhere.
